OBJECTIVE -To analyze trends in health care costs in the decade after identification of diabetes, contrasting type 1 and 2 diabetes.
I
t is generally recognized that the costs of treating chronic medical conditions are rising for health care systems because of an aging population and the increasing prevalence of such conditions. Attempts to quantify the cost of these chronic medical conditions have often relied on models, synthesizing estimates using data from various sources, or surveys of relatively small samples of diseased individuals. Diabetes, for example, has been the focus of a large body of literature (1) , with cost estimates usually based on modeled values (2, 3) .
Diabetes, however, is a difficult condition to study because it includes both type 1 and type 2 diabetes, two very different conditions in terms of pathophysiology and epidemiology (4) . Furthermore, most cost-of-diabetes estimates have been derived from prevalence cohorts or cross-sectional analyses (1).
Few studies have followed the health care costs of an incident cohort with diabetes over time, an approach where the natural history of the disease can be more accurately captured (1, (5) (6) (7) .
Estimating the progressive costs of diabetes is important for resource allocation, health policy, and perhaps even allocation of research funding. Accurate costing is important, given that a substantial portion of costs are not attributable directly to the condition itself but to accumulated complications and comorbidities (1-3,8 -10) . The purpose of this study was to analyze trends in actual health care use and estimated costs in the year before and 10 years after identification of diabetes in an incident cohort of individuals with diabetes and to contrast the cost of care for people identified with type 1 and 2 diabetes.
RESEARCH DESIGN AND METHODS -Ethical approval for this study was obtained from the Health Research Ethics Board of the University of Alberta. The Canadian National Diabetes Surveillance System (NDSS) criteria (4) were applied to Saskatchewan Health's administrative databases to identify incident cases of diabetes in 1992. Using the NDSS case definition, individuals are considered to have diabetes if they have two physician visits with a diagnosis of diabetes (ICD code 250) on 2 different days within any 730-day period or one hospitalization with a discharge diagnosis of diabetes (4) .
Individuals were then categorized as having type 1 or type 2 diabetes based on patterns of drug use during the 11-year study period. Individuals who had insulin dispensed within 6 months of their index date and no oral agents at any point during the follow-up period were classified as having type 1 diabetes; all others were considered to have type 2 diabetes.
Estimation of health care costs Health care services (i.e., prescriptions, physician visits, hospitalizations, day sur-
geries, and dialysis) in each calendar year were identified from services recorded in the databases. The prescription database contains out-of-hospital medication claims for all beneficiaries eligible for provincial drug plan benefits. Annual prescription costs were obtained directly from each claim record and inflated to year 2001 dollars using the Consumer Price Index (11) .
Annual physician costs were also obtained directly from service claim records in Saskatchewan Health's databases. Physician visits included visits to general practitioners, specialists, and physicians out of the province, as well as visits to other practitioners who provided insured services, such as optometrists.
The databases contained the number of hospitalizations and day surgeries each year. The cost per hospitalization in 2001 Canadian dollars was determined by multiplying the resource intensity weight (12) (12, 13) . The diagnoses most responsible for hospitalizations were identified from claims records. The cost per day surgery was estimated by multiplying the day procedure group weight by the same funding per weighted case.
Fee-for-service billing codes were used to identify individuals who received dialysis. Annual dialysis costs were calculated by multiplying the proportion of each calendar year on either hemodialysis or peritoneal dialysis by an estimated annual cost of each dialysis modality (14) . These latter cost estimates were based on a prospective observational study of patients who attended dialysis clinics in a neighboring province (14) and amounted to $52,719 per year of hemodialysis and $37,431 per year of peritoneal dialysis, in 2001 Canadian dollars.
Analysis
Per capita health care costs (in year 2001 Canadian dollars) for each resource category were calculated according to type of diabetes and type 1 and type 2 diabetes combined for the year before index (1991) and 10 years after identification of diabetes (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Per capita health care costs for the five resource categories combined were also determined. These estimates were based on the number of active cases in each follow-up year. The cumulative and average costs for the entire decade of follow-up were determined based on the entire cohort. We compared the average per capita cumulative cost of care for type 1 and type 2 diabetes after adjusting for age, sex, and comorbidities using ANCOVA models. Analyses were performed using SPSS (version 13.0; SPSS, Chicago, IL).
RESULTS -Using the NDSS criteria, 3,625 incident diabetes cases were identified for the 1992 calendar year. Individuals with type 1 (n ϭ 156) and type 2 (n ϭ 3,469) diabetes were similar in demographic characteristics, with the exception of age at index ( Table 1 ). The average duration of follow-up was longer in the type 2 diabetic group, but overall mortality was similar.
Hospitalizations accounted for the largest proportion of total per capita costs each year (Table 2 ). In the incident year (1992), per capita hospital costs were several times higher than the year prior to diagnosis (1991), particularly for individuals with type 1 diabetes, where costs rose from $738 in 1991 to $5,212 in 1992. Hospital costs decreased over the 10 years of follow-up for both type 1 and type 2 diabetes but were often higher in type 2 than type 1 diabetes (Table 2) . From 1991 to 2001, cardiovascular disease was most frequently the reason for hospitalization. In the index year (1992), however, diabetes (ICD codes 250.0, 250.1, 250.2, 250.7, and 250.9) was the diagnosis responsible for more hospitalizations than Data are mean Ϯ SD or n (%). *P Ͻ 0.001. Table 2) .
The largest increase in costs during the 10 years after identification of diabetes was seen for dialysis. From 1991 to 1994, there were no costs for dialysis for individuals with type 1 diabetes. By 2001, however, the per capita dialysis cost for type 1 diabetes had reached $1,098, which was almost five times the per capita cost for type 2 diabetes ($227) in the same year (Table 2) . After 1996, dialysis costs in the type 1 diabetes cohort by far exceeded those of the type 2 diabetes cohort. Overall, ϳ31.5% of dialysis costs were for peritoneal dialysis and 68.5% were for hemodialysis.
Total per capita costs were substantially higher in the year after index than in any other year (Fig. 1) . Per capita costs for type 1 diabetes were relatively constant for 3-6 years after index but began to rise in the last 4 years of follow-up with the increased onset of dialysis. For type 2 diabetes, total per capita costs increased from a low of $3,880 3 years after index to $4,441 10 years thereafter.
Over the 10 years of follow-up, ϳ$137.1 million in health care resources were used by 3,625 individuals with diabetes. The average cost per individual with diabetes was $37,820. The difference in average individual 10-year cumulative costs between type 1 ($33, 684) and type 2 ($38,006) diabetes was not statistically significant (adjusted P ϭ 0.45). The vast majority of the total expenditures ($131.8 million or 96% of costs) were for the provision of care to individuals with type 2 diabetes (Fig. 2) .
CONCLUSIONS -We analyzed five categories of health care costs in an incident cohort with diabetes over an 11-year period, including the year before and the decade after identification of diabetes. Total health care costs increased markedly in the incident year but then stabilized at a lower level, with only minor increases over the ensuing decade. Trends in overall per capita costs were similar in type 1 and type 2 diabetes, with the exception of dialysis, where costs increased more dramatically for type 1 diabetes, resulting in slightly higher per capita costs in later years of our follow-up.
Interestingly, only a very small proportion (4%) of the total $137 million spent over the decade after onset of diabetes was for individuals with type 1 diabetes. Type 2 diabetes accounted for Ͼ96% of total costs (i.e., the same proportion of their population distribution). As the number of type 2 diabetes cases will likely continue to outweigh the number of type 1 diabetes cases, type 2 diabetes is clearly the driver of the public health burden for diabetes (15) .
We had anticipated that overall per capita health care costs for individuals with diabetes would increase over the 10 years after identification of diabetes, as a result of disease progression, accumulation of comorbidities, and deterioration of health status. This, however, was not the case. After a large increase in costs in the incident year, costs were relatively stable, despite increases in prescription, day surgery, and dialysis costs. Decreased hospital costs over the study period, which offset cost increases in the other categories, may reflect changes in hospitalization rates, length of stay, case mix, and service intensity (12, 16, 17) . It is also possible that decreased hospital costs in the later years of follow-up reflect a survival bias in which healthier individuals survived to the end of the follow-up period. Prescription medications were the second largest cost category after hospitalizations during most years of follow-up. Medication costs increased considerably from 1991 to 2001 for both type 1 and type 2 diabetes. This trend could be the result of 1) increased use of medications overall, 2) increased use of more expensive disease treatment options for cardiovascular risk reduction, and 3) use of newer, more expensive antidiabetic agents in the later years of follow-up (18) . Increasing prescription costs should not be viewed entirely as problematic, however, given that proven effective treatments in this population are reportedly underused (19, 20) .
Other studies have explored costs before and after diagnosis of diabetes. Brown and colleagues, for example, estimated the incremental medical costs for people with type 2 diabetes for 8 years before (6) and after (5) diagnosis by using Data are mean Ϯ SD. For case subjects who remained active in each year of the study.
health records from one HMO in the U.S. In the estimation of costs of care after diagnosis, however, these authors used a cumulative incidence cohort approach rather than a closed incident cohort identified in a single year because of the relatively small sample size available in the HMO. This limited their evaluation of cumulative costs and reduced confidence in the costs in the longer term after diagnosis. Regardless of differences between studies and between Canadian and U.S. health care systems, results of both studies indicate relatively large increases in total health care costs in the year that diabetes is diagnosed (attributable to increased hospital expenditures) and substantial increases in prescription expenditures in the years after the diagnosis (5).
Several limitations should be noted when interpreting these data. First, although there is good evidence of validity of the NDSS criteria for identifying diabetes cases, some cases may have been missed (21) . In addition, we could not examine the Registered Indian population because prescription data were not available. Because ϳ10% of Saskatchewan's population with diabetes are Registered Indians, it is unlikely that overall trends would be affected drastically by inclusion of their data, although the relative proportion of type 2 diabetes and costs would be even more than 96%.
Resource use and cost comparisons between cohorts in this study were limited to five categories of direct costs. We were unable to capture resource use and costs for diabetes educators, dietitians, and podiatrists, as well as the auxiliary costs of transplants and laboratory services after 1993, because these are managed under regional health budgets. Before 1993, funding of laboratory services was reflected in fee-for-service physician billings, but these were no longer included after this year. We were also unable to capture other expenditures such as emergency department services or directly capture dialysis costs, although we are confident that the prospective costing data we used to estimate the latter is both valid and accurate (14) . It should also be noted that day surgery and hospital costs were not obtained directly from Saskatchewan Health records but were estimated by applying costs from external sources to records obtained directly from Saskatchewan Health. Furthermore, the same estimation approach was used for all subjects, so there was no bias in the comparison between type 1 and type 2 diabetic patients.
The algorithm used in this study to distinguish between type 1 and type 2 diabetes has not been previously validated. Using our algorithm, it is possible that some individuals with late-onset type 1 diabetes would be misclassified as having type 2 diabetes. We chose not to use age at index as a criterion for classification and depended only on treatment patterns. The proportion of incident cases categorized as type 1 diabetes was, however, similar to the proportion observed in U.S. population-based data from 1990 to 1992 (22, 23) , where ϳ4.9% of incident cases were categorized as type 1 diabetes. Although some potential for misclassification existed, we believe it would be trivial.
Last, the time period of data used to eliminate prevalent cases of diabetes from the analysis was relatively short. It is conceivable that some prevalent diabetes cases would appear to be incident in 1992 because they may not have met the NDSS criteria in 1989 or 1990. This would explain, in part, the older-than-expected average age at index of individuals with type 1 diabetes and why two case subjects with type 2 diabetes received dialysis before identification of the disease. Further, as a chronic medical condition, even 10 years of follow-up might be considered a limited time horizon for the estimation of costs of care for diabetes. Nevertheless, to our knowledge, this study represents the largest cohort with the longest follow-up of health care use and costs published to date.
Information on the relative burden of health conditions, in epidemiologic or economic terms, is of interest to health policymakers when making decisions regarding the allocation of resources for the management of prevalent and expected cases and to justify health promotion and disease prevention programs. It has also been suggested that public health should be the first consideration in allocation of research funding (24) . If this were the case, research funding for type 2 diabetes should far outweigh funding available for type 1 diabetes.
In summary, although we had anticipated that per capita costs associated with caring for individuals with diabetes would increase as the disease progressed over the decade after diagnosis, decreasing hospitalization costs kept total per capita costs relatively stable. Total health care expenditures for diabetes are driven by the much larger prevalence of type 2 compared with type 1 diabetes and highlight the relative public health burden of both conditions. is a Population Health Investigator of AHFMR and a New Investigator of the Canadian Institutes of Health Research.
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